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(From the Physiological Laboratory of the University  of Michigan.) 
PLATES  IV-VIII. 
The  question of the  time required by the  central nervous system 
for the performance of simple reflex acts  was  brought  up  by a  dis- 
cussion as to the character of the knee jerk.  The argument that the 
time required for that movement is less  than it  Should be,  were the 
cells of the central nervous system involved, did not seem satisfactory. 
The  calculations  leading  to  this  conchLsion  were  based  on  the  well 
known experiments of Exner  on  the time of Reflex Winking,*  the 
only undoubted reflex time yet ascertained for man, in which, by a 
very simple mechanical device, he measured the  time occupied by a 
wink occasioned by the stimulus of an induction shock. 
For  the  benefit  of  those  to  whom  Exner's  paper  is  not  wholly 
familiar, it may not be amiss to give a brief r6sum&  In his apparatus 
a  long,  light /ever was fastened to  a  frame so made as  to  be  firmly 
held between the  teeth  of the  subject.  A  thread  fastened close to 
the pivoted end of the lever, after passing  o~ver a  couple of pulleys, 
was  glued  to  the  eyelid by  a  bit  of plaster.  This  of course trans- 
mitted the movements of the eyelid to the lever, which was made to 
write on a revolving drum.  The stimulus employed was an electrical 
shock  applied  to  the  other  eyelid.  He  varied  the  intensity  of  the 
stimulus by increasing or decreasing the distance of the secondary coil 
of his induction apparatus from the primary. 
His  results  showed that the time occupied was  less for a  stronger 
than  for  a  weaker  stimulus.  The  following  are  his  results  as 
published: 
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Induction  coil.  Induction  coll. 
9 cm. distant.  5 cm. distant. 
0.0600  9.o56I 
(0.03~0)  0.0542 
0.0716  0.0444 
0.0678  0.0581 
0.0678  0.0600 
0.0658  0.0581 
0.0774  0.0581 
0.0600  0.0600 
0.0929  0.0600 
0.0500 
0.0662--mean, 
0.0619 
0.0523 
0.0693 
O.0578--mean. 
These figures represent, in fractions of a second, the total time occu- 
pied by the reflex movement, including, therefore, the time of trans- 
mission of the nerve impulse and the latent period  of the muscle, as 
well as the true reflex time, or that taken up by the cells of the central 
nervous system.  To obtain the latter it is necessary to subtract fro.m 
the total times as  given~ the time taken by the  first two  mentioned 
functions.  The  entire nerve  distance from the eyelid to the  centre 
controlling its  movements, which is  in  the  ca]amlm  scriptorius,  and 
return  is  35  cm.,  and  the  time  required  for  the  nerve  impulse  to 
traverse that distance (taking the rate of transmission to be 62 m. per 
second) he calculated to be 0.0057 second.  The latent period of man's 
muscle he estimated to be 0.005  second~ so  the sum to be subtracted 
~rom the total times is 0.0057 + 0.005 ~  0.0107 second. 
In an article in the Journal  of Physiology* Waller makes the state- 
ment that he has verified these results.  Aside from this statement, 
]~xner's paper contains all that is known to the author upon the eyelid 
reflex. 
APP~I~ATUS  A~-D  METI-IOD. 
As Tigerstedt by the introduction of electrical devices had lowered 
the latent period of  frog's muscle from about one-hundredth to four 
on@thousandths of a second, it did not seem at all unlikely that similar 
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means would produce a like result in the time of reflex winking.  An 
apparatus was therefore devised in which  electric signals should  take 
the place of the long lever of Exner.  As the  requisites/or  such  an 
apparatus  were  of  course  lightness  and  convenience  combined  with 
great accuracy, the  following method was adopted. 
The eyelid as it closed in the act of winking was made to break an 
electrical circuit,  and  through  a  Desprez signal  write  on  a  revolving 
drum.  To  that  end  a  small  piece  of  platinum  foil,  bent  at  right 
angles  in  the  form  of  the  letter  L  and  connected  with  a  very  fine 
copper wire,  was fastened to  the  eyelid by a  small  strip  of sticking 
plaster.  It was insulated from the eyelid by a piece of rubber mem- 
brane  fastened to its under surface.  This  bit of foil and  its  attach- 
ments were so light  as to be scarcely felt by the  subject.  Indeed it 
was not felt at all after the first moment of application,  and  produced 
no inconvenience whatsoever. 
Upon a very light aluminum frame (see Plate IV,  Fig.  1) tilted to 
the head was mounted an adjustable bit of platinum wire (b) in such 
a manner  as to touch the foil on the eye when the latter was opened. 
The  wire  being  fastened  to  the  head,  followed its  movements  and 
maintained  constantly  its  position relative  to  the  eye.  The  wire  on 
coming in contact with the foil completed an electrical circuit, which 
was broken by the slightest movement of the eyelid. 
As contact or touch stimuli are the ones which normally excite this 
reflex, it was decided that  a slight blow should be used as a means of 
stimulation.  The  following  instrument  was  therefore  devised:  A 
small spring hammer  (Plate IV,  Fig.  2,  a) was held back in position 
ready  for  striking  by an  electro-magnet.  When  it  fell it  struck  a 
hard rubber plunger (c) which passed through a brass breech-block (d) 
soldered to  a  sliding  brass strip  attached  to the  frame  of the  device. 
The plunger was made flush with the outer surface of the block, and 
was intended to transmit the blow to the face.  The end of the plunger 
was  flat,  so  that  the  light  blow  produced  no  pain.  The  stimulus 
therefore was tactile.  The tension of the  spring  of the hammer  was 
regulated by a screw (b) at its fixed end, while the length  of its blow 
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fastened,  along  on  the  frame.  The  plunger  was kept  in  its  normal 
position  by a  spiral  spring~  within  the  hollow  of  the  breech-block, 
which pressed a brass pin (e) running through the plunger against the 
breech-block. 
The  instant  of the  blow of the  hammer  was  recorded  as  follows: 
An  electrical  current  was  sent  through  the  breech-bloc]:  (d)  and 
thence  into  the  pin,  which  limited  the  backward  movement  of  the 
plunger,  and out through a fine wire to binding post (g).  When the 
hammer  fell  it  forced down  the  phmger  and  thereby separated  the 
brass pin  (e)  from the  breech-block,  thus  breaking  the  electrical  cir- 
cult for a brief moment at the instant the blow was delivered.  Within 
one one-hundredth  of a  second  the  circuit  would be restored  by the 
pin being p:~hed back to place by the spiral spring.  The stimulator 
was  placed  in  the  same  circuit  as  the  platinum  foil  on  the  eye,  in 
which  circuit  was  also  a  I)esprez  signal.  The  way  in  which  the 
stimulato.r was applied to the face is shown in Plate IV~ Fig. 1. 
The operation of the apparatus  in detail was as follows: When the 
hammer  fell in  giving  the  stimulus  it struck  the  plunger~  forcing  it 
down~  thereby  delivering  the  blow  and  breaking  the  circuit  at  the 
same instant.  The  pointer  of the signal  then  rose,  but fell again  at 
once,  as  the  circuit  was  completed  by  the  phmger  returning  to  its 
normal position.  Next the  eyelid would fall reflexly,  on  account  of 
the blow~ and the circuit being again broken, the pointer of the signal 
would rise  once  more.  If  the  pointer  were  writing  on  a  revolving 
drum  the  tracing  would be as follows:  a  ~ .  b 
a-~-rise  due to blow of hammer,  b =  rise  due  to  movement  of lid. 
A  tuning  fork left its  reeord through  another  signal  just below this 
curve. 
The  recording  drum  (see Plate  V)  was placed  with  its  axis  hori- 
zontal.  The Desprez signals (A) were mounted on a horizontal  shaft, 
on  which  was  also  fixed  an  arm  bearing  a  key  (e)  through  which 
flowed the current  to the  electro-magnet  of the  stimulator.  A  band 
of rubber  raised  the  signals  from  the  drum~  against  which  a  slight 
pressure  of  the  ha::d  brought  them.  Their  movement  was  limited 
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pressed,  struck  against  the  frame  on  which  the  shaft  was  mounted. 
An  arm  on the  shaft  of the  drum  struck the  key (e~  of the  electro- 
magnet  circuit  as  the  drum  revolved,  and  by  breaking  the  circuit 
allowed the hammer of the stimulator to fall. 
To  get the  record  the  operator  pressed  down on  the  arm  bearing 
the  stimulator  key,  thus  bringing  the  signals  against  the  surface  of 
the  drum  and  the  key within  reach  of the  arm  on  the  drum  shaft. 
Waiting until the proper moment, he revolved the drum by hand and 
held the  signals  down just long  enough for tile key to  be struck by 
the  arm,  then  the  pressure  was released  and  the  signals were raised 
by the rubber band.  In this way the whole operation was practically 
noiseless,  and  was  accompanied  by no  jarring  whatsoever.  It  made 
no difference whether the speed of the drum were the same for each 
experiment  or not,  as each record had its own tuning-fork  curve. 
In practice the subject was seated on a stool with his head leaning 
against  a  solid  head-rest.  The  fine  adjustment  at  the  eyelid  was 
made by having the subject look at a  block which might be raised or 
lowered.  As the eyelid was found to follow, to a considerable extent~ 
the vertical movements of the eye, this method was very delicate.  If 
the  subject  looked  at  the  same  object in  the  same  position,  during 
each experiment, his eyelid would come back to the same position each 
time,  and  hence,  unless  the  head-piece  had  been  disarranged,  no 
further  adjustment  was necessary. 
In most of these experiments the stimulator was applied  to the face 
about  an  inch  below  and  to  the  outer  side  of the  outer  eanthus  of 
the eye, on the side from which the record was taken. 
The  recording  apparatus  at  which  the  operator  sat  was  placed  in 
another  room  with  the  door  closed.  By  observing  the  signals  it 
could be ]earned whether the connections were right  or not,  and  also 
whether  the subject was winking  or not,  as each  time  he  did so the 
pointer rose.  Waiting until the subject completed one of his natural 
winks,  the  operator  revolved  the  drum  and  got  the  record.  The 
limit of error of the apparatus was very small,  as the latent period of 
the  signal  affected  the  curve  both  when  the  blow  was  ~truck  and 
when  the  subject  winked,  and  hence  served  to  correct  itself.  The 40  On  the  Time  of  Reflex  Winking 
signal used was a very fine one of Desprez pattern.  Its latent perio(% 
as  was  shown  by  numerous  tests,  varied  only  by  one  or  two  one- 
hundred-thousandths  of a  second,  which  may be  disregarded. 
It was very soon seen as the experiments proceeded that the results 
were not uniform.  Thinking that this might be due partly to errors 
of the apparatus, the latter was tested from time to time as thoroughly 
as was  possible,  and  always with  the  same  result;  the  variations  due 
to this  source were  never greater  than  might  be  attributed  to  varia- 
tions in the latent period of the magnet,  which,  as above stated, were 
so small as to be disregarded. 
The reading  of the  curves was  done  in  the  following manner:  In 
the first place,  the distance between the  record  of the  blow  and  that 
of the movement of the eyelid was measured as accurately as possible 
with  a  rule  graduated  in  one-hundredths  of  an  inch  and  with  the 
assistance  of  a  magnifying  glass.  Then  the  tuning-fork  curve  wa~ 
measured.  The most convenient and  accurate  method  of doing  this 
was  found to  be  as  follows:  The  zero mark  on  the  scale  was  placed 
opposite  to  one  of the  points  on  the  tuning-fork  curve,  and  another 
point which exactly coincided with some tenth-inch mark on the latter 
was  sought.  The  distance  from  the  zero  point  to  this  mark  was 
noted,  as  well  as  the  number  of  curves  between.  An  example  as 
recorded in  the  note-book  is  given:  R.  T. z21.4  17  T.  F.~48. 
In this R. T. is the length of the curve made by the signal in the eye 
circuit,  which  shows  the  reflex time  in  tenths  of  an  inch.  T.F.  is 
one tuning-fork curve, equal in value to ~-~  of a  second.  A  simple 
proportion gives the value of R. T. in fractions of a  second, thus: 
R.T.  :  17  T.F.  ::  21.4  :  48, 
or substituting value of T. F., 
17  R.T.  :  ~  ::  21.4  :  48, 
which being solved gives R. T. ~  0.0378  second.  From this was  de- 
duced a rule which saved much figuring, viz. : ~Iultip]y value of R. T. 
in tenths  of an  inch by ½ the  coefficient of T. F.,  and  divide by the 
value  of  T. F.  in  ~enths  of  an  inch.  The  quotient  equals  value  of 
R. T.  in  oneihundredths  of a  second.  If,  on  examining  the  tuning- 
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point on the former that no other point would coincide with a tenth- 
inch mark,  ten  of the tuning-fork vibrations  were  accurately meas- 
ured  with  the  aid  of  a  magnifying glass  and  the  result  treated  as 
before,  thus  R. T. =  22.  10  T. F. =  29.95.  Solved  according  to 
rule given, 22 × 5 .'-- 29.95 =  0.0367. 
The limit of error in the readings by this method was demonstrated 
to be within 0.0003  of a second.  In other words, the first two figures 
of the result are absolutely accurate; the last may vary a little. 
In a few cases, owing to oxidation of the mercury in the interrupter 
of the tuning fork, the curves made by the signal in that circuit were 
irregular.  Instead  of  coming  to  a  point  at  the  top  of  the  curve, 
some of them would round over and the curve would look like this. 
In  all  such  cases  the  curves  were  carefully stepped  with  a  pair  of 
delicate dividers, beginning at one pointed curve (as  a)  and carrying 
the  stepping  until  another,  or  better,  several  other  points  at  some 
distance from the first were exactly met by the dividers.  The curve 
thus marked was easier  to read  and more  accurately measured than 
ordinary curves not thus marked, so  all of the curves of the last six 
hundred experiments were stepped,  whether regular or irregular. 
RESULTS. 
The  average  duration  of  a  reflex  wink  being  desired,  it  was 
obviously necessary to take records from a number of men.  The fol- 
lowing table  of 450  experiments was  compiled from the  records  of 
sixteen subjects, male and female, all of which were taken under as 
nearly the  same conditions as  possible,  the  stimulus being the  same 
for all. 
TABLE  OF  450  I~EFLEX  WINKS. 
.028  .029  .030  .031  .032  .033  .034  .035  .036  .037  .038  .039  .040  .041  .042  .043 
.029  .030  .031  .032  .033  .034  .035  .036  .037  .038  .039  .040  .041  .042  .043  .044 
2  2  2  6  5  9  18  15  25  18  29  29  35  30  28  36 42  0~  the  Timc  of  Refle.r  Wi~kb~g 
.044  .045  .046  .047  .048  .049  .050  .051  .052  .053  .054  .055  .056  .057  .058  .059 
.045  .046  .047  .048  .049  .050  .051  .052  .053  .054  .055  .056  .057  .058  .059  .060 
32  21  19  17  22  15  13  5  5  4  2  2  2  1  0  1 
The  figures in  the  second  horizontal  column  show  the  number  of  records 
which  fell between  the  limits of  time  given directly  above  itl the  first hori- 
zontal  column.  Thus  between  .028  and  .029  second  there  were  two  records. 
between  .043  and  .044  second there  were  thirty-six. 
The  average of these four hundred  and fifty experiments  is  0.042 
second.  Such  an  average  is  of  course  misleading,  as  most  of  the 
records fall  either  above or below this  time.  It  is,  however, worthy 
of note that,  with but two exceptions, all of the results fall below the 
shortest average time given by Exner. 
This  is  seen still more strikingly in the following table,  which  em- 
braces  the  preceding,  and  which  was  compiled  from  all  the  results 
taken with the same stimulus under all conditions. 
TABLE  OF  1056  :REFLEX  WINKS. 
.028  .029  .030  .031  .032  .033  .034  .035  .036  .037  .038  .039  .040  .041  .0~2  .043 
.029  .030  .031  .032  .033  .034  .035  .036  .037  .038  .039  .040  .041  .042  .043  .044 
6  6  6  17  20  17  30  45  70  63  68  75  95  95  85  73 
.044  .045  .046  .047  .048  .049  .050  .051  .052  .053  .054  .055  .056  .057  .058  .059 
.045  .046  .047  .048  .049  .050  .051  .052  .053  .054  .055  .056  .057  .058  .059  .060 
55  53  39  28  33  24  20  7  5  5  6  5  3  1  0  1 
This  table is to be  considered  in the  same  way  as  the  first. 
The time  as given is the  total time,  or th~tt which elapsed between 
the delivery of the blow and the falling  of the  eyelid,  and hence  in- 
cluded  the  true  reflex  time  and  the  time  taken  by  the  peripheral 
mechanism. 
It  does  not  seem  advisable  to  reduce  these  numbers  to  such  as 
would represent  the  time  actually  consumed by the  reflex  centre,  as 
to do so it would be necessary to subtract, as Gxner did, the time taken 
by the transmission  of the nerve impulse and the latent  period of the 
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either  one  of  these,  ttelmholtz*  estimated  a  rate  of  nerve  trans- 
mission  of  34  m.  to  the  second in  man;  Schelske t  about the  same. 
Oeh]~:  gives a  speed of sensory transmission  of  35  m.  in  the  winter 
months and  41 in the spring.  A.M.  ]3lock§  believes he has proved 
the speed of sensory nerve transmission  to be 132-141 m.  per second. 
~Thich  of  these  speeds  is  to  be  accepted?  If  the  slowest,  that  of 
Helmholtz,  0.0103  second, must be subtracted from the total time;  if 
the fastest, that of Block, 0.0025 second. 
Again,  nothing  absolutely is known  as  to the  latent  period of the 
orbicularis  palpebrarum.  In  experiments  of  such  delicacy it  would 
not  be right  to  assume  the  latent  period  of  any given  muscle  from 
experiments  on  another,  especially  if  the  one  experimented  on  be 
from  one  of  the  lower  animals.  Until  these  problems  are  settled, 
it seems best to leave the question as to the exact amount to subtract 
an  open one.  Therefore,  in all the  tables and  charts  the total times 
are given. 
The results when submitted to inspection showed greater variations 
than  could be explained by the irregularities  of the apparatus  or the 
errors  of reading.  The only alternative,  then,  was to attribute  them 
to  some physiological cause.  As  it  was  thought  that  natural  winks 
occurring very shortly before the blow was struck might influence the 
reflex time, all cases in which such winks were known to have occurred 
were noted.  Here  came in  one  of the  advantages  of the  apparatus. 
As  has  before  been  mentioned,  every time  the  subject  winked,  the 
operator in the other room, by the recording apparatus,  was cognizant 
of it,  as  every time  a  wink  occurred  the  pointer  of  the  signal  rose. 
The usual method of operation was as follows: After the adjustments 
at  eye and stimulator  had  been made  (if necessary)  after  each  blow, 
the experimenter waited, watching the  signal.  As a  rule the tremb- 
ling of the pointer would indicate that  at first the subject's mind was 
not  intent  on  the  work  given  him  to  do.  The  record,  therefore, 
* Arch. [. Anat., PhysioL u. wissensch. Med.,  1850, pp. 71-296,  and 1852, p. 199. 
t  Ibi~., 1864. 
$ Arvh. Ital. de Biologie, voL 21, p. 401. 
§ Journal de l'Anat, et Physiol., voL xx, pp. 284-290,  Paris, 1884. 44  On  the  Time  of  Reflex  Winkiug 
would not be taken until the steadying of the pointer and the regu- 
larly recurring wink showed that the subject was as calm as could be 
expected.  Sometimes a  wink would take  place  after the  drum had 
started  to  revolve.  The  curve  would  show  whether  or  not  it  was 
completed before the blow was delivered.  If it was,  and the  reflex 
wink occurred independently of it,  note was made  of that fact.  A 
series of twenty-six such eases  has been collected, in which a  natural 
wink  was  completed  very  shortly  before  the  blow  was  delivered. 
Their  evidence is  negative.  Sometimes  they are  longer  and  some- 
times shorter than the records 'which immediately precede and follow 
them.  Although the series is somewhat inadequate, it suggests that 
such closely preceding winks have no effect. 
personality has in  a  general way some  effect.  Thus,  if the  aver- 
ages of the results obtained in the different sets of experiments upon 
the  different men be  arranged  in  three  classes--slow,  medium,  and 
fast--it will be found that all the averages of experiments taken under 
the same conditions from any one person will fall in the same class. 
Of course no hard and fast line can be  drawn between such classes, 
as  they  merge  insensibly  into  one  another.  The  following  tables 
give the records  of the two men who occupied the extremes.  Both 
the  correspondence between the results  of  experiments  on the  same 
man and the differences between the two are well shown. 
X.  Y° 
1894.  1895.  4-3-'95.  4-4-'95. 
0.0380  0.0349  0.0554  0.0484 
0.0396  0.0318  0.0508  0.0496 
0.0388  0.0337  0.0489  0.0487 
0.0347  0.0~33  0.0443  0.0505 
0.0370  0.0362  0.0493  0.0503 
0.0349  0.0330  0.0462  0.0471 
0.0353  0.0323  0.0457  0.0507 
0.0392  0.0352  0.0489  0.0557 
0.0382  0.0362  0.0445  0,0545 
0.0396  0.0351  0.0481  0.0494 
0.0369  0.0360  0.0430  0.0452 
0.0417  0.0331  0.0494  0.0473 
0.0377  0.0372  0.0467  0.0438 
0.0398  0.0305  0.0485  0.0419 
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0.0365  0.0329  0.0468  0.0471 
0.0360  0.0396  0.0475  0.0488 
0.0360  0.034t  0.0499  0.0492 
0.0398  0.0345  0.0467  0.0486 
0.0383  0.0407  0.0508  0.0505 
0.0372  0.0350  0.0482  0,0485 
0.0326  0.0345  0.0460  0.0504 
0.0356  0.0396  0.0469  0.0516 
0.0349  0.0376  0.0480  0.0530 
0.0338  0.0343  0.0473  0.0527 
0.0386  0.0336  0.0485  --" 
25)1.2296 
0.0365  0.0375 
0.0319  0.0398  26)1.2444  0.0491 
0.0344  0.0482 
28)1.0349  0.0329 
0.0369  0.0339 
31)1.0900 
0.0351 
The correspondence between the two sets  on X  is  the more striking 
when it is remembered that they were taken a year apart, the first in 
the spring of 1894 and the second in the spring of 1895. 
Sex seemed to have no influence; the differences between the mean 
times of the women experimented on,  as  compared with  the results 
from  men,  being  no  greater  than  the  differences in  time  between 
different men. 
The influence of the mind on the reflex time had to be considered. 
It was suggested that the minds of the subjects be  occupied in some 
definite and constant way in order to see if this would have any effect. 
To this end, during certain of the experiments (series  a of Plates VI- 
VIII), the subjects were to multiply together or' to add two numbers 
written on the block at which they looked and to remember the results. 
During others (series  c of Plates VI-VIII) a manometer with a rubber 
bulb  attached  to  one  arm  was  placed  before  thean,  and  they were 
required to keep the level of the mercury at a certain hMght.  This it 
was supposed would occupy the mind and at the same time exercise a 
certain set of muscles.  During still o@ers (series b of Plates VI-VIII) 
the subject was given a warning a  few seconds before the blow that 
it was about to fall.  After a few trials of these methods the character 
of the curves suggested that the subjects were not always occupying 46  0~  the  Time  of Reflex  Winkiug 
their minds in the indicated way so  completely as  might be  wished. 
They were therefore questioned as to the state of their feelings during 
the  experiments.  The  replies  given  did  not  correspond  with  one 
another.  Some said they ,sTere apprehensive during the arithmetical 
problem, some when the warning was given, while some were not at all 
apprehensive during any of the time. 
The  experiments were taken in  sets  of three  series.  During  one 
series,  which  would  consist  of  as  many  experiments  as  might  be 
recorded on one drum (from 10-12),  the subject would perform addi- 
tion  or  multiplication  (series  a);  during  another,  taken  as  soon  as 
another  drum  could  be  substituted,  the  warning  would  be  given 
(series b) ; and during the third he would be required to press the bulb 
of the  manometer  (series  e).  Lest the  subject might grow  slightly 
weary,  and  thus  the  time  be  influenced,  the  order  of  taking  was 
changed when more than one set was taken on a single individual. 
Experiments were  thus  taken  on nine  different persons.  On  one 
of these eight different sets were taken within a week, with a view of 
ascertaining whether  or  not  habit  would  have  any  influence.  The 
records would seem to show that it does not (see Plate VIII, A). 
When all the experiments were taken and the readings made, the 
results were plotted in order to get a better idea of them.  The result- 
ing curves show nothing regular (see Plates VI and VII).  A  curve 
of averages was then made.  The curves from the  different subjects 
did not correspond to  one  another, but those from the same  subject 
in the two  cases  where more  than one set was  taken had  a  general 
resemblance (Plate VIII, A  and B).  When the statements as to the 
subject's feeling of apprehension were applied to these,  a  little light 
was thrown on them.  It was seen that in those experiments during 
which apprehension was felt the average time was shorter (see  Plate 
VIII).  This fact is suggestive of the ~Iental Reinforcement of the 
Knee Jerk. ~  The fact that squeezing the bulb of the manometer did 
not  have  the  same  effect  may  be  explained  by  the  fact  that  the 
muscular effort was a continuous one. 
Lombard,  American Journal o~ Psychology, vol.  1. David  P.  ~ayhew  47 
CONCLUSIONS. 
i.  The  mean  total  time  taken  from  450  experiments  on  sixteen 
subjects was found to be 0.0420 second. 
II.  INatural  winks  occurring  very  shortly  before  the  record  was 
taken had no influence. 
III.  The reflex time was found to vary in different individuals, the 
limits of the mean times being 0.0351  and 0.0491  second.  For any 
given individual there  was  a  close  correspondence between  averages 
of sets of experiments obtained under similar conditions.  In the case 
of one man this was true  of sets  of experiments taken a  year apart. 
Sex has no influence. 
IV.  Apprehension seems to shorten the time. 
DESCRIPTION  OF  PLATES  IV-VIII. 
PLATE  IV. 
Fig.  1.--Apparatus  used  in  determining  the  time  of  reflex  winking. 
a,  platinum  foil on  eyelid;  b,  platinum  wire  which  touches  the  foil.  It  is 
mounted on  the  movable bar,  f,  which is  fastened to  frame  and  connected 
through a  wire to the binding post, g.  c, the breech-block of the stimulator; 
d,  wires bearing current  to  electro-magnet of  stimulator;  e,  wires bearing 
current to  breech-block.  In taking the photograph the camera  was placed 
on a  level below that of the bead in order to get a  better view of the appa- 
ratus.  As  a  result, the head  appears thrown farther back  than  was really 
the case. 
Fig.  2.--Stimulator  used  to  excite  reflex  winking,  a,  soft  iron  head  of 
spring  hammer;  b,  screw  which  regulates  tension  of  spring  of  hammer; 
e, hard rubber plunger passing through breech-block; d, brass breech-block; 
e,  brass pin running through plunger and  connected by  means of the  time 
wire with the binding post, g;  ~,  screw, by loosening which the breech-block 
may  be lowered so as  to increase length of  blow of hammer;  h,  i,  binding 
posts connected with coil of electro-magnet; k, pole of electro-magnet which 
holds back the hammer.  The recording current runs from f  to d  into e and 
along wire to g, thence to platinum foil on eyelid. 
PLATE V. 
Recording  Drum  and  Attachments.--A, Desprez  signals;  b,  double  wire 
bearing current flowing through eye connections and stimulator;  c,  d, wires 
from tuning fork;  e, key through which current to electro-magnet of stimu- 
lator runs; g, f, wires bearing this current. 
PLATES  ¥I-VIII. 
See explanation in text, pp. 45 and 46. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.  VOLolI.  PLATE  IV. 
FIG.  1. 
FIG.  2. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.  VOL. II.  PLATE  V. •
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